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1.  
1)  
, , 
3 , 
. Mognoni et al. (2001) ,  (Polar HR 
recorder, Finland) , 
90 % , 11.4-14.0  
mmol/L . , , 
 (maximal oxygen uptake) . 
, 
,  (Conley et al., 
1980; Daniels et al., 1978; Rusko et al., 1978; Ingjer et al., 1991) .  (1996; 1997) , 
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. Bilodeau et al. (1995) , 
, , 
. 
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2)  
Bergh (1987) Bergh et al. (1992) 
Larsson et al. (2008) Global positioning system  5.6 km
Stöggl et al. (2010) 
Body mass index
 
 ( ) 
Stöggl et al. (2010) 
180.0±4.7 cm 76.1±5.2 kg 2011
173.3±6.1 cm 71.9±8.0 kg
 
 
  
2.  
 
, , 
. , 
. 
, , 
. , 
, 
, . , 
, , 
, . 
, , 
.  
 
1)  
2
1.2.2 3
A) B) C)  
(Nillson et al. 2004 )
V3
 ( 1.2.2,A) 
 (Bilodeau et al.,1996, , 1980, , 
2008)  ( 1.2.2,B) 
 (Bilodeau et al., 1996, Rusko, 2003)  ( 1.2.2,C) 
1.2.3 3 A) V1
B) V2 C) V2  (Nillson et al. 
2004 )
 (Bilodeau et al., 
1996, Mittelstadt et al., 1995, 2008) 3
V1  
( 1.2.3,A) 
, 
. V2  ( 1.2.3,B) 
 V2
 ( 1.2.3,C) 
V1 V2
 
 
2)  
Millet et al. (1998b) V1
V2 V2
 ( ) 
 ( ) Nilsson 
et al. (2004) Millet et al.
Nilsson et al.
 ( ) 
 ( ) 
 ( ) 
 ( ) 
 ( ) 
Nilsson et al. (2004) 1
1
 
Bilodeau et al. (1992) 80%  (0°
5°) V1 V2
V2 1
5°
Bilodeau et al.
 
 (1998) 
10 km 5 km
 ( )  ( 1.2.4 ) 
1.2.4 10km
Daehlie, B
A~D ( )
( ) . ( 1998)
1.2.5 (p < 0.01).
Street et al. (1994) 
 ( 1.2.4 ) 
 
Gregory et al. 
(1994) 1992
30 km 14 km 29 
km V1
Street et al. (1994) 50 km 15.2 km 31.9 km
 ( 1.2.5) 
  
 
  
3)  
 
Ekström (1981) 
3.3-4.2 
m/s
28 %BW (Body weight) 
10 %BW 
30 %BW
Pierce et al. (1987) 
20 %BW
10 %BW
1.2.6 
(Ekström, 1981)
1.2.7 
 
(Vähäsöyrinki et al., 2008 )
1.2.8 
(Leppavuori et al., 1993 )
 (
) Pierce et al.
Vähäsöyrinki et al. (2008) 2.5°
 ( 1.2.7) 5.6 m/s
21 %BW
7 %BW
Pierce et al.
Vähäsöyrinki et al.
 (Ekström, 1981) 
Vähäsöyrinki et al.
 
Smith (1992) 
 ( 1.2.8) V1 V2
V2
1.2.9 Smith 2 1
V1
 ( Strong side )  ( Weak 
side ) Strong side
Weak side
Strong side
Weak side
V2
 
Street et al. (1995) 
V1 3
V1
 
(Pinchak et al., 1987) Pinchak et al. (1987) V1 V2
1.2.9  2
A) V1 B) V2  (Smith, 1992 )
A B
 (2002) V2
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 ( 2 )  
2. V2
 (
3 )  
3. 
 ( 4 )  
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V2
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2010 30
30 31 0.10
 (F.I.S. http://www.fis-ski.com/) 
5 3 2 1
 ( ) 
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 ( 4 m )  (
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1.  
 
 
2.  
1)  
5  ( 20.2 ± 0.8
174.4 ± 5.5 cm 71.9 ± 3.1 kg) 
 
 
2)  
0
50 m
2  (
) 3
50 m
10 m
 (LAVEG-Sports, JENOPTIK ) 
 (EX-F1, Casio ) 300
1/1000 2-5
1 5
 
 
3)  
3 Hz 50 m 10 m
10 m
30 m
30 m
1 1
1
1
1  
 
4)  
± 50 m
10 m
5 %  
 
3.  
1)  
50 m 2.2.1 50 m
 
 
  
2)  
2
1 9
4 11
 
 
3)  
2.2.1
50 m 1
20 m
 
 
2.2.1 50 m  
50m (s)
(m/s)
(times)
* : p < 0.05
z p
0.67 0.500
2.02* 0.043
2.04* 0.041
9.00 0.659.15 0.39
7.05 0.406.90 0.26 6.80 0.31
16.33 0.5212.33 1.03 20.17 1.60
9.39 0.59
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5)  
2.2.4 10 m
10-20 m
30-40 m
40-50 m
   
 
4.  
1)  
2 50 m
50 m
2
 
 
1)  
 ( 2.2.1, 2.2.1, 2.2.2, 
2.2.3) 
30-50 m
  
 2)  
 ( 2.2.2, 2.2.3) 2.2.2
2.2.3
20-30 m
30-50 m 30 m
 
 
3)  
50 m  (
2.2 1) 
2
2.2.1 30 m
 ( 2.2.1) 25 m
25 m
10-20 m 40-50 
m  (
2.2.4) 
30 m
 
 ( 2.2.1) 
2
2.2.1 20 m
11
 ( 2.2.2) 
 
1 km
Mittelstadt et al. (1995) 
1.7%  (67, 94, 121, 148, 174 m/min) 
2.0 mmol/L
Mognoni et al. (2001) Mygind et al. (1994) 
 (9.2-14.0 mmol/L) 
 (Saibene et al., 1989; 
Hoffman et al., 1990)  (14.2 km/h) 
   
3  
 
1 V2  
 
Pierce et al. (1987) 
9 % 190 %
Vähäsöyrinki et al. (2008)  (5.6m/s) 
15 % 313 %
 
Nilsson et al (2003) 
92 %
Millet et al. (1998b) 
 
V
 (Smith, 1994) 
Street et al. (1995) V1
21 %
8 % 40 %
20 %
5 % 30 %
V1  
Street et al. (1995) V1 1
1
V1 V2
V2  (Fujita et al. 
2010; Stöggl and Müller, 2009; Stöggl et al. 2008, 2010; Sandbakk et al., 2010) V2
1 2
V1
 (Bilodeau et al., 1992) V1
V2
V2
V1 Street et al. (1995) 
V2  ( ) 
  
Smith (1992) V2 1
Stöggl et al. (2008) V2
 (
) 2 1
 ( ) Smith (1992) 
2 s Stöggl et al. 
(2008) 7.15 ± 0.59 m/s 1.56 s  
Stöggl et al. (2008) Smith (1992) 
V2
 (Bilodeau et al., 1992; Millet et al., 1998; Stöggl and 
Müller, 2009) Smith (1992) Stöggl et al.
 
Millet et al. (1998b)  Stöggl and Müller (2009) Nilsson et al. (2004) V2
3.6 m/s 5.2 m/s
5.2 m/s 6.2 m/s
 (Millet et al., 1998b) 7.0 m/s 8.8 m/s
 (Stöggl and Müller, 2009) 
 (Nilsson et al., 2004) 
Millet et al. (1998b) Stöggl et al. (2010) 
Millet et al. (1998b) 
Stöggl et al. (2010) 
 
Haymas et al. (1980) 
90.4 % 81.6 %
Gaskill 
et al. (1999) 
 (
)  
V2
   
2 V2  
 
1.  
V2
 
 
2.  
1)  
 (Platinum power grip Karhu ski Oy, Finland) 
 (N11-FA-5-1000-11 Showa 
Measuring Instruments Co. Ltd., Japan) 
 ( 3.2.1) 
150 cm 155 cm 2
750 g
 (LUR-A-1KNSA1, Kyowa Electronic Instruments Co. Ltd., Japan) 
 (Yuatsu Power R-1, Riken Seiki Co. Ltd., 
Japan) 
3.2.1  
3.2.2   
0.999  
1v
 (
3.2.2)  
3  (9602, 
Kistler Japan Co. Ltd., Germany) 
3.2.3 2
2
 (SNS Pilot Equip Skate
Salomon SAS, France, NNN Racing 
R3 Skate Rottefella AS, Norway) 
2.6 
kg Kistler
 
 (2 channels)  (12 channels) 1000 Hz
 (NR-600 Keyence corporation, Japan)  
 
2)  
6  ( 20 ± 1
169.9 ± 2.4 cm 68.1 ± 2.4 kg) 
 
 
3)  
-2
2  (EX-F1,Casio, Japan) 
300 7 m× 3 m× 2.5 m
3.2.3  
15  ( 0.5 m) 2
PC  (Frame-DIAS IV DKH, Japan) 
23 2 4 31 100
3 DLT
3 3 7 
Hz Ae et al. (1992) 
 
 
4)  
X Y
Z
Y Y
X  (
) Z
 
V2
0 N
 
 
5)  
1
2LED 2
100 Hz
 
  
3.  
3.2.1
6.07 ± 0.09 m/s
5.56 ± 0.35 m 1.1 ± 0.07 
Hz  
3.2.2
100 ± 20 N 63 ± 12 N
202 ± 48N 106 ± 18 N
101 %
84 %  
3.2.1 V2
 
velocity (m/s) 6.07 0.09
stride (m) 5.56 0.35
pitch (Hz) 1.1 0.07
poling time (s) 0.28 0.01
pole swing time (s) 0.64 0.05
glide time (s) 0.66 0.09
push-off time (s) 0.5 0.04
ski recovery time (s) 0.68 0.05
N = 6.  All values showed mean SD.
Pole peak force (N) 9 2
medial-lateral
100 20
horizontal
104 27
Ski mean force (N)
630 119 202 48 1175 106
vertical
N = 6.  All values showed mean SD.
Pole mean force (N)
Ski peak force (N)
5 1 63 12 57 12
322 37 106 18 737 50
3.2.2 V2  
3.2.4 0-100 % 1
 ( 3.2.4-A)  
( 3.2.4-B) 
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4.  
V2
Nilsson et al. 
(2003) V2
 
 ( 3.2.4-C) 
Stöggl et al. (2008, 2010)  (Pedar mobile system, 
Novel GmbH, Germany) 
 
 ( )  (
)  ( 0.28 s 0.50 s) 
 (40 85 % 3.2.4-B) 
 (45 90 % 3.2.4-D) V2
Fujita et al. (2010) V2
 1
 
Vähäsöyrinki et al. (2008) 2.5  (
5.6m/s) 150 N 48 N
V2  ( 6.07 m/s) 
106 N 126 N
V2
V2
6 m/s V2
 (V2 ) 
 
 Millet et al. (1998a) 2.1 %
5.6 m/s
264 N 126 N
Millet et al. 48 % V2
V2
 
V2
Millet et al. (1998a) 2.1 %
V1 V2
V2
V1  
( 40 % 30 % 12 %
, Street et al., 1995) V2  
( 101 % 84 %
, ) 2.1
V2
V2
V1
V1 V2
 
  
3 V2  
 
1.  
 
 
2.  
1)  
7  ( 19.9 ± 1.7
172.1 ± 4.3 cm 67.0 ± 7.1 kg) 10
 
 
2)  
15 0
2
10 km
2 2
5.5 m/s 6.0 m/s
3-5
5
 
 
3)  
 (Yoko platinum power grip, Karhu Sporting 
Goods Oy, Finland)  (N11-FA-5-1000-11, Showa 
Measuring Instruments Co., Ltd., Japan) 
2 (Volkan sk, Karhu Sporting Goods Oy, Finland) 
 (NR-600, Keyence Corporation, 
Japan) 1000 Hz
 ( ) 
 
 
4)  
2  (HVR-A1J,Sony Corporation, Japan) 
60 1000 Hz
15 m× 4 m× 2 m 18  (
0.4 m) Y X
Z
 
 
5)  
2 PC 23
 (Frame-Dias II V3, DKH, Japan) 60Hz
3 DLT  ( , 1997) 
3  (4.8-7.2Hz) 
4  (Winter, 1990) 
 (1992) 
2 LED
2
60 Hz  
1 1
 ( ) 
-
-
 
2
Bilodeau (1992) 
 
,
 
 
6)  
± 1
101 3
2 T
ANOVA[2 ×21  (0, 5, 
10, ..., 100% 5% ) ] Bonferroni
5 %  
 
3.  
1
 (6.22 ± 0.51 m/s) 
 (5.55 ± 0.39 m/s) 
 
(t = -4.580, p = .004)  
 ( 3.3.1) 
37.7-49.9 %
0-2.5 %
91.2-100 %
 ( 3.3.2) 
 (18-43%) 
 (68-93 %) 
 ( 3.3.3) 
 (F = 1.206, p = .262)  
3.3.1  
A) B)
3.3.2 V2  
A) B)  
Left ski contact
Right ski contact
Both pole push
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Left ski contact
Right ski contact
Both pole push
Push Push
Kick
Kick
Push Push
Kick
Kick
Glide
GlideGlide
Glide Glide
GlideGlide
Flight
Flight
8.1%( 0.8) 7.9%( 1.4)
46.5%( 5.9) 10.1%( 4.0)
8.4%( 5.9)
8.8%( 2.2)
12.1%( 5.3)
2.5%( 2.7)
8.8%( 5.0)
11.2%( 4.6)
14.2%( 3.8) 9.3%( 4.1) 27.3%( 3.9)
13.1%( 5.4)22.7%( 3.9)
16.6%( 3.2) 33.4%( 2.6)
9.4%( 2.2)
A)
B)
Normalized time (0-100%)
40
45
50
55
60
65
0 10 20 30 40 50 60 70 80 90 100
V
er
ti
ca
l d
is
pl
ac
em
en
t (
%
H
ei
gh
t)
Normarized time (0-100%)
Medium
High
High
MediumGlide
Glide
Glide
Glide
Kick
Kick Flight
Medium
High
Glide
Glide
Kick
KickGlide Flight
Right ski contact
Left ski contact
3.3.3 V2  
 
 ( 3.3.4) 
 ( F = 1.192, p 
= .273; F = .556, p = .929; 
F = .681, p = .838; F 
= .747, p = .770) 
0.18 ± 0.07 s ( 3.3.1) 
4  (
A, C, D, F) 
4  (
A, E, F, G) 
5  ( A, C, E, F, G) B
 
3.3.4 V2  
 
Sub. Trial
Flight time
(s)
Center of mass
(%Height)
Knee-angle
(deg.)
Hip-angle
(deg.)
Medium 56 166 83
High 0.31 58 164 82
Medium 58 158 82
High 0.22 58 170 84
Medium 58 159 90
High 0.22 60 172 87
Medium 60 164 78
High 0.11 61 173 81
Medium 60 164 89
High 0.13 59 149 74
Medium 58 164 84
High 0.13 61 158 78
Medium 60 162 83
High 0.13 55 154 79
Medium 59 ± 1 162 ± 3 84 ± 4
High 0.18 ± 0.07 59 ± 2 163 ± 9 81 ± 4
G
Mean ± SD
A
B
C
D
E
F
3.3.1  
 
4.  
V2
 
0 V  ( 3.3.1) 
 ( 3.3.2) 
V2
 ( 3.3.4) 
 
 ( 15-40 %; 70-95 %) 
 ( 30-35 %; 75-90 %)  ( 3.3.4) 
 ( 20-40 %; 65-90 %) 
 ( 40 %)  ( 90 %) 
 ( 3.3.3, 3.3.4) 
 ( 3.3.3, 3.3.4) 
A, C, D, F
E, G
B
 0.18  ( 3.3.1) 
3.7 cm
 
V2
0 N
Perrey et al. (1998) 5.30 m/s
 V2
 ( SSC ) 
Perrey et al. 
(1998) V2
SSC
SSC -
SSC
 
  
4 V2  
 
1.  
V2
 
 
2.  
1)  
9  ( ± 20.2 ± 1.0 158.7 
± 5.0cm 56.5 ± 4.3kg) 
 
 
2)  
 
(Yoko Platinum PG, Karhu 
Sporting Goods Oy, Finland) 
 (
3.4.1a) 
112 g
2  145cm 150cm) 
 (LUR-A-1KNSA1, Kyowa Electronic Instruments Co. Ltd., Japan)  (Yuatsu 
Power R-1, Riken Seiki Co. Ltd., Japan)  ( 3.4.2) 
 (600mm×40mm×30mm) 
 (610 mm, Marwe-products, HyvinkäänKumiOy) 
 (N11-FA-5-1000-11, Showa Measuring 
Strain
gauge
Strain gauge
3.4.1a  
3.4.1b  
Instruments Co. Ltd., Japan)  (
3.4.1a) 
1.3 kg  (BP6001200, Advanced Mechanical Technology, 
Inc. USA) 
 
(NR-600, Keyence Co. Ltd., Japan) 
2 kg  
( 3.4.1b)  
 
3)  
50 m 20 m 2
 (Wireless sprint system, Brower timing system, USA) 
3  ( ) 
3.5 m/s
Se
ns
or
 s
ig
na
l (
v)
Calibration load (N)
0 200 400 600 800 1000 1200 1400 1600
0
0.2
0.4
0.6
0.8
1
1.2
1.4
1.6
1.8
2
y = 0.0012x
835.0 (N/v)
R = 0.99995
Roller ski (Salomon),Right
0 200 400 600 800 1000 1200
0
0.5
1
1.5
2
2.5
3
3.5
4
y = 0.0038x
264.1 (N/v)
R = 0.99958
Pole (145 cm, Right)
3.4.2   
0.999  
5.0 m/s 5 km
3 5
 
 
4)  
 ( 3.4.3) 
 
 
5)  
±
3.4.3 V2  
 
aSignificant (P<0.05), aahigh significant (P<0.01) and aaahighly significant (P<0.001) different to low speed.
bSignificant (P<0.05 different to medium speed.
Low Medium High
Velocity (m/s) 3.50 0.21 5.09 0.24 6.31 0.55
Cycle rate (Hz) 0.85 0.07 1.05 0.11aa 1.29 0.12aaa, b
Cycle length (m) 4.12 0.43 4.88 0.54a 4.92 0.50aa
Upper body work
Poling time (s) 0.34 0.04 0.26 0.04aa 0.22 0.02aaa, b
Poling peak force (N) 53.62 15.31 87.73 26.96a 138.21 72.64a
Poling mean force (N) 36.3 10.57 56.78 20.16a 79.8 44.32a
Leg work
Glide time (s) 0.86 0.09 0.64 0.10aa 0.50 0.06aaa, b
Glide peak force (N) 680 40 695 44 743 41a
Glide mean force (N) 531 34 503 32 466 41a
Push-off time (s) 0.50 0.09 0.46 0.06 0.42 0.04
Push-off peak force (N) 699 36 863 53aaa 991 77aaa, b
Push-off mean forcce (N) 526 23 573 23a 583 34aaa
Lowest force (N) 480 41 393 59aa 251 96aa, b
Cycle characteristics
0.84 0.08 0.70 0.07aa 0.56 0.07aaa, bSwing time (s)
7.7 2.1 10.1 3.0 13.7 6.1Poling peak force
per push-off peak force (%)
3.4.1  
F Bonfelloni
0.05 0.01 0.001  
  
3.  
1)  
3.4.2
0.999
 
 
2)  
3.4.1
3.50 ± 0.21 5.09 ± 0.24 6.31 ± 0.55 m/s , 
, 
 
 3)  
3.4.4 , 
 
 
4)  
 ( 3.4.4) , 
 (P < 
0.05) 
 
  
 
4.  
V2
5 m/s
3.4.4 V2  
 
5 m/s
 (Millet et al., 1998b; Stöggl 
and Müller, 2009) 
 
V2  
(Smith, 1992; Stöggl et al., 2008; 2010) 
 ( 3.4.4)  (Stöggl et al., 
2008) Stöggl et al., 2008
 ( ) 
 (Stöggl: 
7.35 ± 0.60 m/s vs. : 6.31 ± 0.55 m/s) 14 %
15 %
 (Millet et al. (1998b) Stöggl and Müller (2009) 
) Haymas et al. (1980) 
18.4 %
 
Stöggl et al. (2008) V2
 ( )  
V2
 (  vs. p < 0.05) ; 
vs. p = 0.079) . V2
 (Millet et al., 1998b) . Millet et al. 3.6 m/s 6.2 m/s
 
 
(6.3 m/s) 22 %BW Millet et al. (1998b) V2
9
6.2 m/s 31.5 %BW
Millet et al.
 ( /
) 19% (8.3 m/s Stöggl et al 2010) 
14% (6.3 m/s ) 
 (Haymas et al., 
1980; Gaskill et al., 1999) 
 
 
  
5 V2  
 
1.  
, V2
, 
.  
 
2.  
1)  
7  (
: 20 ± 1 , : 160.1 ± 5.4 cm, : 54.2 ± 5.3 kg) . 
. , 
.  
 
2)  
140 cm 145 cm  (Yoko Platinum PG, Karhu Sporting 
Goods Oy, Finland) 
112 g
2 2  (LUR-A-1KNSA1, Kyowa Electronic Instruments 
Co. Ltd., Japan)  (Yuatsu Power R-1, Riken Seiki Co. Ltd., Japan) 
 ( 3.4.2) 
 (610A, Marwe-products Hyvinkään Kumi Oy, Finland) 
 (N11-FA-5-1000-11, Showa Measuring Instruments 
Co. Ltd., Japan) 
1.3 kg  (BP6001200, Advanced Mechanical 
Technology, Inc. USA) 
 (NR-600, 
Keyence Co. Ltd., Japan) 
2 kg  
 
3)  
50m 20m 2  (Wireless 
sprint system, Brower timing system, USA) 
 ( Normal ) 3-5
2 5
5-10
 ( Flight ) 3-5 5
Flight
 
 
4)  
Normal
Flight
Normal
Flight 2
 
 
5)  
 (Flight ) 
±
T 0.05 0.1
 
 
3.  
Flight  3.5.1 Flight Normal
Flight Normal
Flight Normal
 
Normal Flight P-value
Velocity (m/s) 5.95 0.22 6.3 0.18 0.001
Stride (m) 4.46 0.16 4.23 0.15 0.073
Pitch (Hz) 1.34 0.09 1.49 0.06 0.009
poling time (s) 0.22 0.02 0.21 0.02 0.188
glide time (s) 0.45 0.07 0.3 0.01 0.006
flight time (s) 0.14 0.01
push off time (s) 0.42 0.05 0.35 0.04 0.041
poling peak force (s) 111 8 141 12 0.002
poling mean force (s) 75 10 87 9 0.022
push off peak force (s) 920 164 979 159 < 0.001
push off mean force (s) 506 69 600 62 < 0.001
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